All members of the genus Anoxybacillus from the Bacillaceae family are Gram-positive, thermophilic, endospore-forming bacilli and were first described by Pikuta et al. (2000) . Over the last decade following the initial identification of the genus Anoxybacillus, the information obtained from the fundamental and applied sciences revealed that this genus can be used in many industrial applications such as hydrolysis of starch and lignocellulosic biomass, treatment of environmental wastes, enzyme technology as well as bioenergy production. Therefore, the studies on the diversity and phylogenetic relationships of this thermophilic bacterial genus are important in order to bring light to its exact taxonomy status as well as its biotechnological potential.
(1). Later, several strains having sequence similarity with B. flavothermus strains were isolated from the Octopus Spring in Yellowstone National Park, and from the Australian Great Artesian Basin. Before the year 2000, studies on B. flavothermus strains were rather limited. These studies included reports on the biochemical enzyme characterization including thermostable B. flavothermus enzymes such as acetate kinase, myokinase, pyruvate kinase, alanine dehydrogenase, glucose-6-phosphate dehydrogenase, isocitric dehydrogenase, xylanase, and α-amylase of (2) .
In 2000, Pikuta and co-workers isolated the anaerobic K1
T strain from the animal manure. Based on the 16S rRNA gene sequences, DNA-DNA hybridization analyses and the phenotypic features of the K1 T strain, Anoxybacillus was proposed as a new genus belonging to the Bacillaceae family. The name Anoxybacillus was given based on its anaerobic property. Anoxic or anoxia refers to a condition where the dissolved oxygen is depleted. Thus, Anoxybacillus refers to small, rod-shaped bacilli that can survive in environments without oxygen. Hence, the strain K1
T was named as Anoxybacillus pushchinoensis. As the A. pushchinoensis strain K1
T and B. flavothermus are phylogenetically clustered together and are distinct from genus Bacillus, B. flavothermus was reclassified as Anoxybacillus flavithermus (3) . In 2003, it was found that A. pushchinoensis can grow aerobically in ANX medium at pH 9.0-9.7 and is an aerotolerant anaerobe rather than an obligate anaerobe. Thus, this latest finding led to the amendment of the description of A. pushchinoensis as well as genus Anoxybacillus (4) . In the following years, many additional aerobic Anoxybacillus species were identified (5-9).
Therefore, despite the fact that genus Anoxybacillus ("an", "without"; "oxy", "oxygen"; "bacillus" "rod-shaped microorganism") means "a bacillus that can grow without oxygen", its members can be aerobes, facultative anaerobes, or facultative aerobes, but they are not obligate (strict) anaerobes (10) . The taxonomy of the genus Anoxybacillus is shown in Table 1 (11) . Table 1 . Taxonomic classification of the genus Anoxybacillus (11) The members of the genus Anoxybacillus are Gram-positive, spore-forming rod-shaped (bacilli) bacteria, sizing 0.4-1.5 x 2.5-9.0 μm, usually aerotolerant anaerobes or facultative anaerobes. Most Anoxybacillus species are moderately thermophilic having optimal growth in the temperature ranges from 50 to 65°C, with the exception of strain TSB-6, which grows optimally at 37°C. Anoxybacillus cells are alkaliphilic or alkali-tolerant, and except for the Anoxybacillus amylolyticus (the optimal pH for growth is 5.6), most of the species are able to grow at a neutral pH. Oxidase and catalase reactions are variable. As many different types of growth media have been used for these cultivations, this suggests that Anoxybacillus species are easily isolated and grown and do not require a specific medium for propagation. In most of the media used, yeast extract is present as an essential organic nitrogen source (2) .
Several members of the genus Anoxybacillus have been isolated from geothermal hot springs (12, 13, 14, 5, 15, 7, 16, 17, 9, 8, 18) . In addition, there are also species isolated from mud (19) , manure (3, 4) , geothermal soil (20, 21) and contaminated gelatin samples (22) . Species of Anoxybacillus are also present in milk and dairy products as contaminants. Reports on randomly amplified polymorphic DNA analyses of milk samples from more than 20 countries including China, Uruguay and New Zealand suggested that Geobacillus stearothermophilus, Anoxybacillus flavithermus, Bacillus licheniformis and Bacillus subtilis species were the major contaminants of milk (23) (24) (25) (26) . There are at least five possible reasons for the resistance of Anoxybacillus to milk processing steps. First, the bacterial endospores are General Characteristics, Taxonomic Studies   59 resistant to heat and can tolerate the heat sanitization treatment. Second, besides endospore formation, A. flavithermus can produce biofilms and attach to various abiotic surfaces such as stainless steel, routinely used in the dairy industries. The biofilm includes spores; the formation of the spores is rapid (6-8 h) and occurs simultaneously with biofilm formation. Under certain conditions, 50 % of the biofilm can be spores (27) . Third, the charged and hydrophobic cell surface of members from genus Anoxybacillus facilitates their binding to stainless steel (28) . Thus, removal of the biofilms from stainless steel surfaces using normal cleaning and sanitization regimes is challenging. Fourth, a proteomic study of Anoxybacillus was recently carried out under low and high temperature conditions. This study revealed that Anoxybacillus sp. TSB-6, being able to grow at higher temperatures, regulated the production of proteins involved in the cellular metabolism and protein folding, especially a 60-kDa chaperonin (29) . This finding suggested that Anoxybacillus is a heat-resistant bacterium and should not be killed easily by using the routine milk sterilization process. Finally, hot springs are natural habitats for Anoxybacillus, and milk might be considered as an equivalent habitat. In milk there are Ca 2+ , Mg 2+ , Na + and K + ions in quantities ranging from 2 to 125 mM. Somerton et al (2012) studied the effects of these cations on the growth of A. flavithermus DSM 2641, Geobacillus sp. F75, and G. thermoleovorans DSM 5336 strains that were obtained from milk powder production plants. An increase in the proliferation A. flavithermus and Geobacillus sp. strain F75 was observed by adding Ca 2+ alone or together with Mg 2+ (30) .
Based on their high 16S rRNA gene sequence similarities (92.0-99.0 %) throughout the Anoxybacillus species, they represent a phylogenetically homogeneous group of thermophilic bacilli (2) . Their closest relatives, Geobacillus, Saccharococcus, and Aeribacillus, show a sequence similarity of 90-95 % to Anoxybacillus, whereas Caldalkalibacillus and Calditerricola show a slightly lower sequence similarity (85-88 %), (10) . The DNA G+C content of this genus varies among the species, with 37.8 mol% in A. calidus (21) , and 57 mol% in A. gonensis (12 (36) .
The size of the Anoxybacillus genome is relatively small, but it is large enough for the basic and applied studies. One of the possible studies is to use Anoxybacillus as a microbial cell factory, because it provides the advantage of minimizing the difficulty of restructuring the genome (2). It has been reported that in order to obtain simpler cells for cellulase production in B. subtilis, the genome has been experimentally reduced by eliminating unnecessary genes (37) . The small size of the Anoxybacillus genome may allow it to be used as a thermostable gene expression host for some thermozyme applications (2) .
Anoxybacillus species are abundant in geothermal hot springs and they can be readily isolated from these areas. Because these bacteria are alkalitolerant thermophiles, they are suitable for many industrial applications. These species are gaining an increasing industrial importance due to their thermostable gene products (thermozymes) (2) . The thermostable α-amylase of A. flavithermus (38) and A. amylolyticus (20) , the proteinase of A. mongoliensis (39) and α-glucosidase activities of A. salavatliensis (18) have been reported. Moreover, A. gonensis was reported to be able to utilize xylose (12) (11).
Thermostability mechanisms for genus Anoxybacillus
As 2014) conducted studies on the survival adaptations of these two strains at certain temperatures. In the literature this is the only study on the thermal stability of Anoxybacillus spp. from a molecular perspective. The ability of DNA to preserve its secondary structure in vivo is usually associated with the amount of G+C (% mol). The DNA G+C % of Anoxybacillus spp. SK3-4 and DT3-1 was determined as 41.89 % and 41.46 %, respectively. However, the G+C ratios of rRNA sequences of the corresponding strains were 55.80% and 56.24%, respectively, which were higher than expected. The G+C % of tRNA sequences of the same strains were also higher than expected, as 59.43 % and 60.03 %, respectively. A similar approach was observed for A. flavithermus WK1, A. flavithermus TNO-09.006 and A. kamchatkensis G10 strains (36) . As stated by Trivedi et al., although there is no consistency between these high G+C % values in the protein-encoding genes of the thermophiles, the G+C % in rRNA and tRNA sequences are higher in thermophiles. It is believed that high G+C % alone will not be effective in preserving thermal stability of DNA, but may protect DNA from thermal degradation (41) .
Another reason for the production of Anoxybacillus species in hot springs is due to the presence of reverse gyrase. Anoxybacillus strains SK3-4 and DT3-1 were found to have a gene encoding the primosome assembly protein.
Reverse gyrase is a type 1A topoisomerase found in common in hyperthermophilic Archaea and Bacteria, which is not present in mesophiles and provides genome stability at high temperature (41, 42) . In addition, the positive supercoiled structure is able to stabilize the secondary structure of DNA. There is no accepted explanation for why reverse gyrase is important for thermophiles such as Anoxybacillus or Geobacillus. For this reason, biochemical and functional confirmation analyzes as well as gene-knockout studies to be performed in the future may give more information about the role of this protein in the thermal adaptation of Anoxybacillus (43) .
Polyamines are positively charged compounds that can bind to DNA and RNA and stabilize them (44) . It is known that Anoxybacillus spp. SK3-4 and DT3-1 have the biosynthesis pathway of linear polyamines such as spermidine and spermine. When genomic structures of these strains were examined, the spermidine synthetase and spermidine transport coding genes were found. It was suggested that spermidine and spermine contributed to the thermal adaptation of both strains. In the genomes of Anoxybacillus spp. SK3-4 and DT3-1, a gene encoding agmatinase, which is involved in the production of agmatine, was also detected. It has been found that spermidine and spermine are the main polyamines of A. flavithermus, A. gonensis, and A. voinovskiensis cultured at [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] o C. Agmatine is also found in A. flavithermus and A. voinovskiensis. In addition, A. voinovskiensis contains polyamines, namely putrescine and thermopentamine (45) .
It is suggested that histone-like proteins observed in Anoxybacillus spp. SK3-4 and DT3-1 may also help their genomes stabilize in high temperatures. Both strains contain a gene coding for DNA-binding protein HU-alpha, a 90 amino acid histone-like protein. This protein encoded by the hupA gene in Anoxybacillus spp. was suggested to play a role in DNA packaging to protect it against denaturation and fragmentation under extreme environmental conditions (46) .
The analysis of several protein structures determined by X-ray crystallization shows that the proteins in thermophiles are richer in ionic interactions, hydrogen bonds, and certain amino acids, such as Arg and Tyr (47) . As none of the Anoxybacillus proteins have been structurally determined so far, no clear information is available about the relationship between thermostability of Anoxybacillus and its protein architecture. Nevertheless, performed genome analyses on the Anoxybacillus spp. SK3-4 and DT3-1 and suggested some ideas on the adaptation of these strains to temperature fluctuations. Although these two strains have an optimum growth temperature of 55 o C, they were isolated from a region where the temperature of the water varied between o C. Therefore, suggested that the heat shock proteins play a fundamental role in the folding or disaggregation of proteins which these strains possess. Most of the Anoxybacillus chaperonin genes were also found to be arranged in clusters (36) .
Anoxybacillus strains grows slowly at 30 o C (2). Two cold shock proteins (Csps) were also found in Anoxybacillus spp. SK3-4 and DT3-1, in order to protect their cells from the effect of a sharp temperature decline (36) . These Csps are RNA chaperones and play an important role in the destabilization of the secondary structures of RNAs, and possibly also facilitating transcription and translation (48).
STUDIES ON THE DESCRIPTIONS OF SPECIES AND SUBSPECIES OF THE GENUS ANOXYBACILLUS
Since the first introduction of the genus Anoxybacillus (3), 23 species and 3 subspecies of this genus have been described: A. pushchinoensis, A. flavithermus (1, 3, 4) , A. gonensis (12) , A. contaminans (22) (53) . Of those species, Anoxybacillus caldiproteolyticus and Anoxybacillus tepidamans were formerly classified as Geobacillus caldoproteolyticus and Geobacillus tepidamans, respectively (19) . Many species belonging to the genus Anoxybacillus represent a homogeneous group of thermophilic bacilli with high intergenic 16S rRNA gene sequence similarities (21) ( Table 2 ).
The genus Anoxybacillus was first described by Pikuta et al. (2000) and based on the phenotypic and phylogenetic studies, strain K1T, which was able to grow anaerobically, was classified as a novel Anoxybacillus species (3). Pikuta et al. (2003) demonstrated that Anoxybacillus pushchinoensis strain K1 T , the first representative of the genus Anoxybacillus, could also grow aerobically in ANX medium at pH 9.0-9.7, and thus, revised the descriptions of the species A. pushchinoensis and the genus Anoxybacillus. According to these corrections to the descriptions, A. pushchinoensis has been described as an aerotolerant anaerobe instead of obligate anaerobe, and the genus Anoxybacillus has been described as an aerotolerant anaerobe or facultative anaerobe instead of obligate anaerobe or facultative anaerobe (4). T from contaminated gelatin batches of a production plant in France, and described this strain as a novel species of the Anoxybacillus with the name A. contaminans (22) . T was a new member of the genus Anoxybacillus. DNA-DNA hybridization analyzes revealed a low similarity (less than 30.2 %) between the isolate and its closest phylogenetic neighbours, namely A. pushchinoensis and A. flavithermus. Based upon phenotypic characteristics and phylogenetic data, the strain TH13
T was defined as a new Anoxybacillus species and for which the name A. voinovskiensis was proposed (14) . T from a hot spring in Geyser Valley located in the Kamchatka peninsula of Russia. Based on its morphological, physiological, and phylogenetic data as well as its low DNA-DNA homology with other published species of Anoxybacillus, the type strain JW/VK-KG4
T that was characterized as a Gram positive, spore-producing, moderately thermophilic, facultative aerobe with optimal growth at a wide pH range (6.8-8.5), was proposed as a new species of the genus Anoxybacillus and named as A. kamchatkensis (49).
Poli et al. (2006) isolated a new thermophilic bacterial species exhibiting a
high extracellular amylase activity from geothermal soil located on Mount Rittmann in Antarctica. Based on the conventional and molecular systematical analyses, strain MR3C
T was described as a novel Gram-positive, sporeforming, thermophilic, facultative anaerobic Anoxybacillus species producing exopolysaccharide in a galactose medium and having a strong constitutive extracellular amylase activity not reported in other closely related species. Therefore, this bacterium with the type strain MR3C
T was named as A. amylolyticus (20) .
From water and soil samples collected from three different hot water sources located in the region of Rupi Basin, Bulgaria, Derekova et al. (2007) isolated a novel thermophilic, strictly aerobic, Gram-positive, spore-forming, and hemo-organotrophic bacterium capable of producing amylolytic enzymes. The phylogenetic, physiological, and biochemical characteristics of the isolated R270
T strain were determined and based on the obtained data, they identified this strain as a novel species belonging to the genus Anoxybacillus and proposed to be named as A. rupiensis (5). Atanassova et al. (2008) studied the phylogenetical, physiological, and biochemical characteristics of strain BT 13 T that was isolated from a mud sample with a pH of 8.5 and a temperature of 56 o C, taken from a geothermal water source near the village Dolni Bogrov, Sofia region, Bulgaria. On the basis of identified genotypic differentiation and different phenotypic characteristics, they concluded that type strain BT 13 T was as a new species of the genus Anoxybacillus. This spore-forming, Gram-positive, facultative anaerobic, alkalitolerant, heterotrophic, and thermophilic bacilli with intracellular amylolytic activity was named as A. bogrovensis (15) .
Gul-Guven et al. (2008) described strain KG8
T that was isolated from the mud of Taslidere hot spring in Batman, as a spore-forming, Gram-positive, thermophilic, rod-shaped bacillus growing aerobically and not being able to utilize any carbohydrates except for galactose and sodium acetate (weak reaction) as a carbon source. The KG8T strain has not been classified as a new species of the genus Anoxybacillus because of the DNA-DNA hybridization value of 67.5 % between the KG8 T strain and the A. kamchatkensis. On the basis of lipid analyses, fatty acid profile, biochemical and physiological properties, the strain KG8
T was described as a novel subspecies of the species A. kamchatkensis, and for which the name A. kamchatkensis subsp. asaccharedens was proposed (6).
Poli et al. (2009) isolated strain AF/O4
T from thermal mud at the Euganean Hot Springs in Abano Terme, Italy. Based on DNA-DNA hybridization studies with the closest related Anoxybacillus species as well as the phenotypic characteristics of strain AF/O4
T that was isolated from thermal sludge samples from Euganean Springs in Italy's Abano Terme region, was classified as a new Gram-positive, motile, spore-forming, aerobic, and thermophilic Anoxybacillus species and named as A. thermarum (7). T was isolated from a beet sugar factory in Leopoldsdorf region of Australia, and strain YNP10 was isolated from geothermally heated soil samples obtained from the Yellowstone National Park, USA. As a result of the phenotypic and molecular taxonomical studies, it was found that two isolates were more similar to each other than other characterized Geobacillus species. The sequences of their 16S rRNA genes were found to be 99.8 % identical and DNA-DNA hybridization experiments revealed that strains GS5-97 T and YNP10 share 89.9 % similarity to each other, indicating that both strains belong to the same species. Of these isolates exhibiting similarity in the phenotypic characteristics as well, the type strain GS5-97
T was classified as a new Geobacillus species and this species was named as Geobacillus tepidamans (51). T was found to exhibit a 94.7-98.7 % similarity to Anoxybacillus species and the DNA-DNA hybridization values between the strain D1021 T and the other described Anoxybacillus species was lower than 70%. According to the phenotypic characteristics, rpoB gene sequence analysis as well as phylogenetic and DNA-DNA hybridization data, the strain D1021
T was assigned to a new species within the genus Anoxybacillus and named as A. kaynarcensis (8).
Zhang et al. (2013) isolated a strictly aerobic, moderately thermophilic, Grampositive, motile, rod-shaped, and endospore-forming strain 3NP4
T from the water samples obtained from Puge Hot Spring (42) (43) (44) o C, pH 7) located in the South-Western geothermal region of China. The strain 3NP4
T was found to grow at a pH value ranging from 6.0 to 9.3, and NaCl concentrations of 0-4 % (w/v) at o C. The most important distinguishing physiological feature of the new isolate was its developing on a medium containing vitamin mixture or yeast extract. Based on the 16S rRNA gene sequences and DNA-DNA hybridization values, strain 3NP4
T was considered as a representative of a novel species of the genus Anoxybacillus and named as A. vitaminiphilus (9). T are its ability to grow at a boron concentration of up to 70 mM and its DNA G+C content of 37.8 mol %, the lowest observed among Anoxybacillus species. Phylogenetic analyses based on the 16S rRNA gene sequences revealed that strain C161ab T showed sequence similarity of 94.6-96.8 % with all known Anoxybacillus species. However, DNA-DNA hybridization studies showed that there was a low relatedness between strain C161ab
T and the closest relatives of strain, A. rupiensis (21.2%) and A. voinovskiensis (16.5%). Thus, strain C161ab
T is considered to represent a novel species in the genus Anoxybacillus and was named as A. calidus (21) . The genomic DNA G+C content of the strain is 46.9 mol %. Phenotypic, genotypic, and chemotaxonomic characterization studies indicated that the strain GSsed3
T differs from other species of the genus Anoxybacillus. Therefore, strain GSsed3
T was considered as a representative of a novel species of the genus Anoxybacillus. This new species with the type strain GSsed3
T was named as A. geothermalis (53).
BIOTECHNOLOGICAL IMPORTANCE OF THE GENUS ANOXYBACILLUS
Anoxybacillus is a relatively new genus when compared with the wellstudied genera Geobacillus or Bacillus. Most of the reported data has revealed that the members of this genus produce enzymes that are thermostable and have tolerance to alkaline pH. Anoxybacillus can be used to resolve some limitations of the current protocols for biomass hydrolysis. Because these bacteria are growing quickly, tolerate extreme conditions, and produce various thermostable enzymes. Some native and cloned Anoxybacillus proteins and their basic biochemical properties are presented in Table 3 . Most of these identified protein sequences are distinct from the related Bacillus species, but are quite similar to those from Geobacillus species (2).
Applications related to starch industry
Anoxybacillus strains have been known to produce various types of carbohydrate-degrading enzymes (66) . Amylase is one of the most-studied Anoxybacillus carbohydrases. Anoxybacillus amylases are thermostable, alkali-tolerant, and produce maltose in high quantities from various types of gelatinized starches; therefore, they have a potential use in bread making, maltose syrup production and detergent industry for hydrolysis of starch (2). An A. flavithermus strain that was isolated from a hot water source in Turkey, was used as an inoculum to produce α-amylase from rice husks by solid-state fermentation (66) . Other studies related to amylase have mainly focused on enzyme discovery and characterization and many amylases with different properties have been identified. A novel α-amylase that hydrolyzes raw starch was reported by Viksø-Nielsen et al. (2006) . In this study, the enzyme was mutated by cleavage the C-terminal starch-binding domain of the enzyme, and later importance of this domain in the breakdown of raw starch was demonstrated. Furthermore, the α-amylase was combined with the glucoamylase from Aspergillus niger, and this enzyme mixture was shown to be more effective in degrading raw starch than the other enzyme mixture formed by maltogenic α-amylase and Thermoanaerobacter cyclodextrin glycosyltransferase (CGTase) (67) . In another study, a novel α-amylase from A. flavithermus (AFA) was determined to hydrolyze crude maize starch. As a result of the enzyme reaction carried out at 61°C and at pH 4.5, the enzyme degradation efficiencies in a 5 % and a 31 % slurry of raw maize starch were 83 % and 60 %, respectively, in less than 2 hours. (58) . Since the amylases ASKA and ADTA clustered in a different group within the glycoside hydrolases (GH13) evolutionary tree, both enzymes have been classified as a new subfamily of the GH13 enzyme family (69) . An amylase from Anoxybacillus sp. TSSC-1 was isolated in another study. In terms of its molecular weight, TSSC-1 amylase is smaller than amylases ASKA and ADTA (50 kDa). The major starch degradation product is maltose; with product specificity of TSSC-1 amylase is similar to those of ASKA and ADTA. Unlike the ASKA and ADTA amylases, glucose is formed by the TSSC-1 amylase reaction (57) . In addition to the use of amylase in starch-processing industries, Poli et al. (2006) described another potential use of the α-amylase from A. amylolyticus in microbial enzymatic assays and as a biosensor. Since this amylase was isolated from the acidothermophilic species A. amylolyticus, its properties differ from the mentioned amylases above (20) .
Other Anoxybacillus carbohydrases, including pullulanase, cyclodextrinase (CDase) and glucoamylase have also been identified in addition to amylase. In a study, the effects of 8 different media on the expression of native pullulanase obtained from Anoxybacillus strains, SK3-4 and DT3-1. The addition of pullulan to the culture medium was observed to increase pullulanase production (40) . In another study, the pullulanase enzyme isolated from Anoxybacillus strain LM14-2 (Yunnan, China) was cloned and characterized (70) . In a different study, a large amylopullulanase (over 200 kDa) was purified from Anoxybacillus strain SK3-4, and then characterized.
On the basis of available SDS-PAGE analysis and genome sequencing data, this enzyme appears to be the largest protein expressed by a strain (2) . The cyclodextrinase (CDase) from A. flavithermus was first identified by Turner et al. The cyclodextrinase, designated as AfCda13, is an intracellular homodimeric enzyme consisting of 71-kDa monomers. The specific activity of the cyclodextrinase AfCda13 for α-cyclodextrin was found to be tenfold higher than that of the cyclodextrinase from Laceyella sacchari. The best activity of AfCda13 was under the conditions of pH 6.5 and 57.5°C (59, 71).
Applications related to environmental biotechnology
As thermophilic microorganisms are able to withstand high temperatures, they are quite convenient for bioremediation processes. Since the temperature of dye-contaminated waste water usually ranges from 40 to 60°C, using thermophilic Anoxybacillus spp. for removal dyes from waste water provide advantages over mesophilic bacteria (2) . Deive et al. determined that Anoxybacillus spp. were effective in the removal of synthetic dye, Reactive Black 5 (RB5) (72) . In another study, dyes were eliminated from industrial textile effluents by using A. rupiensis strain DSM 17127 T (73) .
It was determined that some Anoxybacillus strains obtained from Faccia Bianca (FB) hot spring in Italy were highly resistant to mercury (Hg 2+ ). The Hg 2+ removal ability of Anoxybacillus spp. FB7 and FB9 was found to be better, as compared to Brevibacillus, Bacillus, and Geobacillus spp. isolated from the same source. Also, the presence of the gene encoding the mercury reductase (Mer) in relevant strains was demonstrated (74) . Anoxybacillus can also be used for the removal of waste water containing chromium (Cr 4+ ). Anoxybacillus sp. TSB-6 could tolerate Cr 4+ up to a concentration of 30 mM. This Anoxybacillus strain differed from other Anoxybacillus species in that its optimal growth temperature is 37°C. However, an increase in the Cr 4+ removal rate was observed when the cells were under heat stress (29) .
Biohydrogen production by using microbial fermentation is an alternative method for the production of renewable energy. Mixed thermophilic cultures of Anoxybacillus, Thermoanaerobacterium, Geobacillus, Clostridium, Sulfobacillus, and Bacillus spp. have been reported to use tapioca and sago waste water as raw materials for the production of biohydrogen (75, 76) . It has been shown that the strains of the genus Anoxybacillus can also be used for composting process of solid or semi-solid wastes. The cellulolytic Anoxybacillus sp. MGA110 was inoculated into the domestic solid waste compost as an inoculum and the results showed that this strain accelerated the composting process (77).
CONCLUSION
In recent years, the isolation and description of novel species of thermophilic bacilli have become one of the most important studies, as they include species of industrial, biotechnological or environmental importance and they are also able to produce many thermostable enzymes as a result of their ability to adapt to high temperatures in their habitats of isolation, reflecting in their enzyme structure. Anoxybacillus species are abundant in geothermal hot springs and they can be readily isolated from such areas. As a consequence, the members of the acidotolerant or alkalitolerant, thermophilic, endospore-forming Anoxybacillus have a constantly increasing biotechnological and industrial importance as a source of new thermostable enzymes resistant to harsh processing conditions such as high temperature and pH in industrial applications.
